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In this paper, a technical and financial analysis of an eolian power generation project in the western region of Venezuela is presented. The purpose is to determine the feasibility and sustainability of a project to install a wind farm with 126 MW power generation capacity in the Paraguaná
BACKGROUND
Renewable resources are a feasible technological option for sustainable energy. Past failures attest this technology must operate within a frame of sustainable energy development where many system interact -the electric power sector, financial markets, social systems, institutional structures, policy frameworks, business climates, political environments, service infrastructures, cultural settings and so on.
Paraguaná Peninsula has a electricity demand of 165 MW, which is supplied by a connection to the national transmission system (Sistema Interconectado Nacional, SIN) in 115 kV and 2 generation plants (190 MW installed capacity) those have high unavailability [1] . Due to the requirements of natural gas by the Centro de Refinación Paraguaná (CRP), one of the world biggest refineries located at Paraguaná Peninsula, restrictions in the natural gas supply and the extreme environmental conditions affecting the interconnection power line, the supply of electrical energy has presented severe problems on service quality, mainly represented by interruptions.
Utilities supplying electric power to Paraguaná Peninsula have evaluated several alternatives to improve the service quality in the area; among them is the construction of a wind farm.
Venezuela has several sources of primary and secondary energy. Table 1 summarizes the most important data related to this [2] . Thus, with reasonable sense Venezuela is developing important projects of thermal generation. However, the Ministries of Energy and Mines and Science and Technology have executed several studies to establish the feasibility of using not conventional renewable sources of energy for electric power supply, especially for rural areas, as well as to identify regulatory issues necessary to attract capital and guarantee profitable projects. 
System Description
In Paraguaná Peninsula, wind speed average is about 7 m/sec, and it has southwestern direction. In addition, existing low density population areas ease the installation of the aerogenerators near to transmission lines of the 115 kV subsystem. Studies of the Paraguana's power system indicate that a deficit of 40 MW exists ant it must be provided by new thermal generation (substitution of existing equipment) or other sources.
According to this, a wind farm was designed to supply an average demand of 45 MW. This facility is formed by 30 aerogenerators and an interconnection substation that allows delivering the electricity generated to the distribution system. In average, this wind farm will generate 390 GWh/year, those will be sold to the utility responsible for the electric distribution service in the area. The main characteristics of the proposed system, called 'Plant Paraguaná', are indicated in the following Table. 
Cost Estimate of Wind Farm Project
Based on proposed design of Plant Paraguaná and the main characteristics of the equipment and other elements required for the successful operation of the system, a cost estimation 
Performance of the Wind Farm
A simulation to determine the expected generation (power and energy) in the wind farm was performed based on the following aspects:
• Capacity to be installed.
• Probability function representing wind patterns in
Paraguaná.
• Mathematical equations to represent mechanical efforts to transform wind into electrical energy.
To make use of the eolian energy, appropriated wind turbines are used. The mechanical power output of this equipment can be calculated through the following equations [4] :
where ρ is the density of the air; r is the length of the rotor blades; w u is the wind speed;
is the performance coefficient; λ is the tip speed ratio; m w is the angular velocity of the rotor blades.
The simulation results indicate 45 MW as expected value for power generation, with a minimum of 32 MW and a maximum of 55 MW, for 90% confidence probability interval. This will be transformed into energy through the wind behavior and it is expected to deliver 390 GWh/year to the power grid of Paraguaná.
Benefits of Use Eolian Energy
The energy generated in the Plant Paraguaná will replace electrical energy generated with liquid and gaseous fuels, and those will be able to be sold by Venezuela in international markets and/or processed in refineries and petrochemistry to increase their value.
With the operation beginning of this new power generation system, it is estimated setting out of service of oldest units at Plant Punto Fijo I, which consume natural gas and diesel with a heat rate higher than 15,000 Btu/kWh. In addition, these units have more than twenty-five years installed and their control systems for emissions are obsolete and, in some cases, they do not comply with the current environmental requirements.
In this way, this new plant will represent savings and profits in several ways. Some of them are presented in the following Table. Values presented in Table 4 show that the wind farm can represent important savings for Venezuela, considering additional natural gas sales and the decrease of the environmental pollution. Moreover, control over the pollutant activities will allow Venezuela to place certificates of NO x and CO 2 in international markets and this represent additional income.
ECONOMIC EVALUATION OF THE PROJECT
For the economic evaluation of the wind farm project, a financial model was built. In this, the following variables were forecasted: income, expenses, interests of financing, amortization of capital and taxes.
At first, the evaluation assumed the project as typical in the Venezuela's electrical sector, therefore special conditions were not considered for the evaluation. The parameters considered are presented in the following Table. Under these criteria, to achieve a net present value (NPV) equal to 0 is required a fee of 96.11 US$/MWh, which is too much higher than fee required for a thermoelectric project with similar generation capacity (35 US$/MWh) or simply buying the energy to SIN.
Thus, these fees are not comparable to the existing in SIN or new conventional plants and project would not be feasible. • Capital intensive.
C C I I R R E E D D
• Projects based on a concession, license or license granted by the government.
• Requires long-term financing.
• Technology, equipment and services priced in hard currencies.
• Regulated fees.
• Assets difficult to re-deploy.
• Relatively long periods of construction.
In developing countries, project investors in the energy sector require governments and society ensure, in part, the following aspects [6] :
• Adequate cash flow, that is, adequate tariff level and collection discipline.
• Maintain the stability and enforceability of laws and contracts.
• Improve responsiveness to the needs of investors.
• Minimize government interference.
• Reduce the exchange rate risk.
The aspects presented above shall be considered to mitigate risks that investors and lenders are exposed to. As result of this, the utility requirements by the investors and the premiums for financial risk are less, which increases the competitiveness of the project in the electrical sector.
Alternatives of Project Financing for Private Investors
The financing can be corporative, in which the 100% of the capital comes from the "sponsors" (capital and warranty) or it can come from a loan, in which the project and the expected cash flows constitute the warranty.
An important element in every schema of financing is to structure the loan so that the lenders have an adequate perception of the risk and promote schemes that minimize the commercial and/or regulatory risks.
Whilst every project financing has its own special features, the basic structure is often either [7] :
• A limited or non-recourse loan, repayable out of project cash flow.
• A purchase of an interest in the project output (translated into sales proceeds) in consideration for the payment up front of a capital sum either as a "forward purchase" or a "production payment".
• Export credit, where export credits are available.
• Issues of securities: in some cases it may be possible to provide finance at a lower all-in cost by the issue of securities (such as commercial paper), backed by commercial bank or other guarantees.
In each case, commitments on the part of suppliers, purchasers or users connected with the project may operate effectively to "guarantee" the receipt of re-sale proceeds equivalent to payment of principal plus a commercial rate of interest. Alternatively, lenders may be prepared to take market risk.
In general terms, strategic actions are implemented in order to reduce the perception of [6, 7] :
• Credit risk.
• Construction and development risk.
• Market and operating risk.
• Financial risk.
• Political risk.
• Legal risk.
To reduce risks, the project owner can take insurance certificates for the project and insurance of political risk (OPIC -USA, CAFACE -France, etc.). These are obtained through of private, governmental and multilateral agencies, with the role of promoting exportations of investing countries.
Approaches to financial incentives for grid-connected wind farm are evolving as a result of the growing experience with financial incentive policies. Governments are now considering policies in terms of their costs; the way that the cost burden is shared (for example, among different levels of government, utilities, electricity consumers and general taxpayers); and their effectiveness in achieving results (such as installed capacity, cost reduction, local manufacturing). Most policies to encourage renewable energy are moving in the following directions [8, 9] :
• Incentives are clearly intended to be temporary measures.
• Performance-based incentives are being used to encourage efficient projects.
• Competition is being explicitly or informally integrated into the implementation of financial incentives, to promote reduced technology and project development costs.
• The size of financial incentives is being targeted to match incremental life-cycle financial costs.
• Incentives are being developed with consideration of the potential for changing market conditions.
Financing Schema for Plant Paraguaná
The risk associated to carry out the project in Venezuela (January 2005) is represented by a premium for risk of 6% additional to the typical requirements for a conventional project of electric power generation (10%). Moreover, due to risk perception financing agents require 5% on addition to rates available in the international financial markets. With the purpose of minimizing risk perception over the project, the following strategies were proposed:
C C I I R R E E D D
• Power Purchase Agreement (PPA). The wind farm would have a long-term contract for sale of energy to the company responsible of electric supply in the area, which is public utility. To achieve an agreement on this issue is probable, since the area presents an energy deficit and the costs associated to the unavailability are growing. This would allow a reduction in the commercial risk.
• Enactment of a special regime for projects related to electric power generation by means of renewable sources. The regime would consider related aspects with the legal security, taxes and subsidies.
• Project and political insurance.
• Government support for the negotiation of CO 2 and NO x certificates.
Considering the aspects presented above, risk perception can be decreased and, in this manner, wind farm fees will become more competitive.
For the Plant Paraguaná, it was considered that investments will be done in a period of three years and that the fees must allow to the project obtaining expected profitability. The income of the project would be constituted by the energy sales and emissions certificates (CO 2 and NO x ). In the following Tables, the fees obtained for every evaluated case are presented. Considering that the Venezuela's government will use part of its additional income, coming from selling in the international market more natural gas or equivalent liquids fuels, to subsidy the operation of the Plant Paraguaná, fees of 35 US$/MWh @ 10% can be obtained (using 40% of the income by sales of the gas in the international market).
In addition, a effective support from government, materialized through exonerations on tax payment (income and municipal), would cause an important decrease in the fee required to guarantee the commercial feasibility of the project.
The analysis of the financial model prepared for Plant Paraguaná project shows that the fees are sensitive to the discount rate used in the evaluations and the to sales of energy. They are less sensitive to variables as: percentage of the debt, period of depreciation and interest rate of financing (see Tables 6 and 7) .
CONCLUSIONS
The poor are willing and able to pay for reliable energy services; this is the kernel of decentralized renewable energy's prospects for financial success in the developing countries.
The analysis of the results indicates that income by sale of energy and power to the National Interconnected System are not enough to expect that the project will be economically feasible. To make the project feasible under a low profit expectance, from the point of view of promoters, it is necessary that government subsidy the project, based on the valuation of the additional fuels able to be sold in the international market due to the wind farm projects.
